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Abstract: We have constructed a complete action for the system of N D0-branes in flat 10D
type IIA superspace. It is invariant under the rigid spacetime supersymmetry and local worldline
supersymmetry (κ–symmetry). This latter can be considered as supersymmetry of maximal 1d
SU(N) SYM model which is made local by coupling to supergravity induced by embedding of
the center of energy worldline into the target superspace. The spinor moving frame technique
is essentially used to achieve such a coupling. We discuss the differences with Panda-Sorokin
multiple 0-brane action and with the dimensionally reduced 11D multiple M-wave action.
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1. Introduction
In 1995 E. Witten agrued [1] that the system of N nearly coincident Dp-branes carries non-
Abelian gauge fields on a center of mass worldvolume and that at very low energy it is described
by the action of U(N) maximally supersymmetric Yang–Mills (SYM) theory. In it the U(1)
sector describes the center of mass motion of the multiple Dp-brane (mDp) system while the
SU(N) sector describes the relative motion of the mDp constituents. Actually, U(1) SYM action
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decouples and can be identified as a low energy limit of gauge fixed version of the complete
nonlinear action for single Dp-brane [2, 3, 4, 5, 6, 7].
Then the natural problem was to find a complete action for multiple Dp-brane system. It
was approached in a number of papers and certain progress was reached during these years
[8, 9, 11, 10, 12]. In particular, the bosonic limit is widely believed to be given by the Myers’s
‘dielectric brane’ action [9] which was obtained from the requirement of consistency with T-
duality transformations of D-branes and background fields. A very interesting construction on
’-1 quantization level’ was proposed in [12]. There such a dynamical system was constructed,
that its quantization should reproduce the desired multiple Dp-brane (mDp) action. However, the
complete realization of this step in a fool glory seems to imply the quantization of the complete
interacting system of supergravity and super-Dp-brane.
A complete action including fermions and invariant under spacetime supersymmetry and
local fermionic κ-symmetry is known for the system of ten-dimensional (10D) multiple 0-branes
[13, 14] as well as for 11D multiple M0 (mM0 or multiple M-waves) system [15, 16]. Besides
these, in D=3 some complete N = 1 supersymmetric multibrane actions are known [17, 18].
Furthermore, the infrared fixed points of the system of N M2-branes is believed to be described
by Bagger–Lambert–Gustavsson (BLG) model [19, 20, 21] for N=2 and by Aharony–Bergman–
Jafferis–Maldacena (ABJM) model [22, 21] for N ≥ 2. The infrared fixed point of multiple
M5-brane system should reproduce an enigmatic D = 6 (2, 0) superconformal theory; recently it
was conjectured [23, 24] that this can be described by D = 5 SYM model.
The mM0 dynamical system of [15, 16] can be considered as 11D massless superparticle
carrying on its worldline 1d N = 16 SU(N) SYM multiplet. It was natural to expect that
the dimensional reduction of mM0 action should reproduce a multiple D0-brane (mD0) action.
Surprisingly the result of such a dimensional reduction looks quite complicated and does not
resemble what we expected for the mD0-brane action (we discuss this problem in the Appendix
C). This is why in this paper we construct a supersymmetric 10D multiple D0-brane action with
local fermionic kappa-symmetry directly, putting maximally supersymmetric 1d SYM multiplet
on the effective worldline of a center of mass of the mD0-system and coupling it to the induced
worldline supergravity. We also discuss the differences of our multiple D0-brane model with the
Lorentz invariant 10D multiple 0-brane action of Panda and Sorokin [14].
This paper is organized as follows. In Sec. 2 we review the spinor moving frame formulation
of single super-D0-brane (Dirichlet superparticle) and describe its irreducible kappa-symmetry.
In particular, the moving frame and spinor moving frame variables used also to describe mD0
system are introduced there. The mD0-brane action invariant under rigid (super)spacetime
supersymmetry and local worldline supersymmetry (κ-symmetry) is constructed in Sec. 3. There
we begin by describing 1d N = 16 SU(N) SYM multiplet, and then make its supersymmetry
local by coupling it to the composite supergravity induced on the mD0 worldline (this is to say
on the worldline of the center of mass of mD0 system) and by inclusion of a single D0-brane
action (’center of mass brane’ action) into the complete action of the interacting system. In
Sec. 4 we compare our result with the action of multiple 0-brane system proposed by Panda
and Sorokin [14] and argue that our action is better candidate for the description of multiple
D0-brane system. We conclude in Sec. 5.
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The Appendices are devoted to the problem of dimensional reduction of the 11D mM0
action. Although this does not give a desired result, i.e. does not reproduce the mD0 action, its
discussion may give useful suggestion for further thinking. In Appendix A we describe the spinor
moving frame action for single M-wave (M0-brane) and show how its dimensional reduction
reproduces the action for single 10D D0-brane. The dimensional reduction of spinor moving
frame variables is discussed in Appendix B. Appendix C describes the dimensional reduction of
11D mM0 action down to D=10. The mM0 action and its local worldline supersymmetry are
presented in Appendix C.1. Its dimensional reduction and an apparent difference of the result
of this from mD0 action of Sec. 3 are discussed in Appendix C.2.
2. D0-brane in moving frame formulation
Let us denote the coordinates of flat 10D type IIA superspace Σ(10|32) by (xa, θα1, θ2α) and its
superveilbein by
Ea = dxa − idθα1σaαβθβ1 − idθ2ασ˜αβa dθ2β , Eα1 = dθα1 , E2α = dθ2α . (2.1)
We will use the same symbols for the pull–back of the supervielbein forms to the worldline which
depend on coordinate functions (xa(τ), θα1(τ), θ2α(τ)) of the superparticle proper time τ . These
are used to define parametrically the superparticle worldline as a line in the superspace,
W1 ⊂ Σ(10|32) : xa = xa(τ), θα1 = θα1(τ), θ2α = θ2α(τ) . (2.2)
Here and below a, b, c = 0, 1, ..., 9 are ten-vector indices, α, β, γ = 1, ..., 16 are 10D Majorana–
Weyl spinor indices and σaαβ = σ
a
βα and σ˜
αβ
a = σ˜
βα
a are 10D generalized Pauli matrices obeying
σaσ˜b + σbσ˜a = ηabI16×16, η
ab = diag(1,−1, ...,−1︸ ︷︷ ︸
9
) .
The moving frame formulation of the 10D D0-brane in flat type IIA superspace is based on
the action [25]
SD0 = M
∫
W1
Eau0a − iM
∫
W1
(dθα1θ2α − θα1dθ2α) , (2.3)
where M is a constant mass parameter and u0a = u
0
a(τ) is an auxiliary ten-vector field of unit
length, u0au
a0 = 1.
2.1 Moving frame and Cartan forms
It is convenient to consider u0a as one of the vectors of moving frame field described by the Lorentz
group valued matrix
u(b)a (τ) =
(
u0a, u
i
a
) ∈ SO(1, 9) . (2.4)
Eq. (2.4) implies orthogonality and normalization conditions
u0au
a0 = 1, u0au
ai = 0 , uiau
aj = −δij , (2.5)
3
so that, on one hand, the variables (2.4), which are called moving frame variables, are highly
constrained. On the other hand, as the space (co)tangent to a group is isomorphic to its Lie
algebra, (2.4) implies that one can easily express the derivatives and variations of the moving
frame vectors u0a, u
I
a, constrained by (2.5), in terms of Cartan forms of SO(1, 9),
Ωi = u0adu
ai, Ωij = uiadu
aj . (2.6)
Notice that the splitting of matrix in (2.4) is invariant under the local SO(9) rotations and
the above Ωij transforms as a connection under these. Hence we can define SO(9) covariant
derivatives and find that their action on the moving frame vectors is expressed through the
covariant Cartan form Ωi,
Du0a = du
0
a = u
i
aΩ
i , Duia = du
i
a + u
j
aΩ
ji = u0aΩ
i . (2.7)
The admissible variations of the moving frame vectors, this is to say the variations which preserve
(2.5) and hence (2.4), can be obtained from (2.7) by formal contraction with the variation symbol,
δu0a = u
i
aiδΩ
i , δuia = −ujaiδΩji + u0aiδΩi . (2.8)
On this way we used iδd = δ
1 and consider the contractions of the Cartan forms iδΩ
i and iδΩ
ji
as independent variations. The latter corresponds to SO(9) ⊂ SO(1, 9), which is the manifest
gauge symmetry of our construction (acting trivially on the action (2.3)) and the former, iδΩ
i, is
the essential variation corresponding to the coset SO(1, 9)/SO(9). Our moving frame variables
can be considered as a kind of (constrained) homogeneous coordinates of such a coset.
2.2 Covariant splitting of supervielbein, action variation and kappa-symmetry
The moving frame vectors can be used to split the bosonic supervielbein in two parts in a Lorentz
invariant manner. Indeed, just contracting the supervielbein (2.1) with moving frame vectors we
arrive at one invariant bosonic 1–form and one 9-vector 1–form carrying the index of the local
SO(9) symmetry group
E0 = Eau0a , E
i = Eauia . (2.9)
The latter does not appear in the action, but it does in the action variation.
A simple way to calculate this latter is by using the Lie derivative formula applied to the
Lagrangian one-form of the action (2.3),
LD01 = ME0 − iM(dθα1θ2α − θα1dθ2α) , (2.10)
δLD01 = iδdLD01 +d(iδLD01 ). The second term does not contribute to the action variation as far as
we are not interested in initial conditions, and to obtain the first we have to begin by calculating
1This is a particular case of the Lie derivative formula for general coordinate variations of differential forms,
δ = iδd+ diδ, written for the case of 0-forms.
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a formal exterior differential of the Lagrangian form (2.10). After some algebra we obtain 2
dLD01 = MEi ∧ Ωi − iM(Eα1 + σ˜0αγE2γ) ∧ σ0αβ(Eβ1 + σ˜0βεE2ε ) , (2.11)
where3
σ0αγ := u
0
aσ
a
αγ , σ˜
0αγ := u0aσ˜
aαγ . (2.12)
The presence of only one linear combination of the two fermionic supervielbein forms in (2.11)
indicates the local fermonic κ-symmetry of the D0-brane action (2.3) (see [26, 27, 5] for the
kappa-symmetry of the standard D0-brane action). Its transformations read
δκθ
α1 = κα , δκθ
2
α = −σ0αβκβ ,
δκx
a = −iθα1σaαβδκθβ1 − iθ2ασ˜αβa δκθ2β ,
δκu
0
a = 0 (iκΩ
i ≡ iδκΩi = 0) . (2.13)
As it was shown in [28], kappa symmetry is actually a local worldline supersymmetry of
the superparticle models. It will be important for our discussion below that the moving frame
formulation of the superparticle actually provides us with a composite supergravity multiplet for
this local supersymmetry.
Let us consider
E0 = Eau0a , (E
α1 − σ˜0αγE2γ) = dθα1 − σ˜0αγdθ2γ . (2.14)
Under the κ–symmetry they transform as
δκE
0 = −2i(Eα1 − σ˜0αγE2γ)σ0αβκβ , δκ(Eα1 − σ˜0αβE2β) = 2dκα , (2.15)
which is quite similar to the transformation of graviton and gravitino one forms of d = 1 N =
16 supergravity. However, the identification with supergravity is hampered by that both the
counterparts of gravitini and of parameter of supersymmetry carry 10D MW spinor index. Thus
we will call the fermionic form in (2.14) ‘proto-gravitino’. To find a true counterpart of gravitini
induced by the embedding of the D0-brane worldline in superspace, we need to introduce one
more ingredient: spinor moving frame field (also called spinor Lorentz harmonic4).
2In our notation the exterior derivative acts from the right, e.g. d(Eau0a) = dE
a u0a + E
a
∧ du0a where ∧ is the
exterior product of differential forms. The exterior product of bosonic forms is antisymmetric, e.g. Ea ∧ Eb =
−Eb∧Ea. Here and in (2.11) below one should think about differential forms on target superspace or its extension,
but not just on the worldline.
3In this paper we will use the notation σ0 and σi for Lorentz covariant projections of sigma matrices, σ0αγ :=
u0aσ
a
αγ and σ
i
αγ := u
i
aσ
a
αγ (see (2.17)). Lorentz non-covariant splitting will be denoted by (σ
(0)
qp , σ
(i)
qp ) = (δqp, γ
i
qp),
see below.
4See [29, 30, 31] for the concept of harmonic variables and harmonic superspace and [32, 33, 34, 35, 36] for
Lorentz harmonics (called light-cone harmonics in [32, 33]).
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2.3 Spinor moving frame and induced worldline supergravity
Spin(1, 9)/Spin(9) spinor moving frame variable is 16× 16 Spin(1, 9) valued matrix
vα
q ∈ Spin(1, 9) (2.16)
defined up to Spin(9) gauge transformations. This is related to the moving frame matrix (2.4) by
the conditions of the sigma-matrix preservation u
(b)
a σaαβ = v
q
ασ
(b)
qp v
p
β. Choosing the representation
with σ
(b)
qp = (δqp, γ
i
qp), where γ
i
qp = γ
i
pq are d = 9 gamma matrices obeying γ
(iγj) = δij , we find
σ0αβ := u
0
aσ
a
αβ = vα
qvβ
q , σiαβ := u
i
aσ
a
αβ = vα
qγiqpvβ
p . (2.17)
The derivatives of the spinor moving frame matrix is expressed in terms of the same SO(1,9)
Cartan forms (2.6). It is convenient to use the Spin(9) covariant derivative which, when acting
on spinor moving frame, is expressed in terms of the covariant Cartan form:
Dvα
q := dvα
q +
1
4
Ωijvα
pγijpq =
1
2
γiqpvα
pΩi . (2.18)
We will need also the inverse spinor moving frame matrix vq
α ∈ Spin(1, 9),
vq
αvα
p = δq
p ⇔ vαqvqβ = δαβ . (2.19)
It can be used to factorize the matrices with upper spinor indices
σ˜0αβ := u0aσ˜
aαβ = vq
αvq
β , σ˜iαβ := uiaσ˜
aαβ = vq
αγiqpvp
β . (2.20)
One can easily check that
vqασ˜
0αβ = vq
β , σ0αβvq
β = vα
q . (2.21)
The spinor moving frame field can be used to construct the fermionic forms with the indices
of SO(9) gauge group (cf. (2.9))
Eq1 = Eα1vqα = dθ
α1 vα
q , E2q = E
2
αvq
α = dθ2αvq
α . (2.22)
We can also define the parameter of the worldline supersymmetry (κ-symmetry) with an internal
SO(9) index
εq := καvα
q . (2.23)
This can be identified with parameter of the standard N = 16 extended d = 1 supersymmetry5.
In particular, contracting the proto-gravitino form in (2.14) with spinor frame matrix we
arrive at fermionic one form
(Eα1 − σ˜0αγE2γ)vqα = Eq1 − E2q (2.24)
5To be precise, we have to notice that the natural R-symmetry group SO(16) of such an extended supersym-
metry is broken down to SO(9) in our model.
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which transforms as true gravitino of d = 1 N = 16 supergravity under the worldline supersym-
metry. Indeed, (2.15) can be written in the following equivalent form
δεE
0 = −2i(Eq1 − E2q )εq , δε(Eq1 − E2q ) = 2Dεq , (2.25)
where the covariant derivative is defined in (2.18),
Dεq := dεq +
1
4
Ωijεpγijpq . (2.26)
Eq. (2.25) has the form of typical supersymmetry transformations of supergravity multiplet.
In our case this multiplet is composite, induced by embedding of the super-D0-brane worldline
in the flat type IIA superspace. In the next section we will construct an action for multiple
D0-brane system by putting d = 1 N = 16 SYM multiplet on the worldline of a single D0-brane
and making its supersymmetry local by coupling it to this induced supergravity.
3. Multiple D0-brane action from locally supersymmetric SYM on the world-
line of a D0-brane
3.1 d = 1 N = 16 SYM
The d = 1 N = 16 SU(N) SYM multiplet contains three types of N ×N traceless matrix fields:
1d gauge field Aτ (τ), which we prefer to include in the 1-form A = dτAτ (τ), nanoplet of bosonic
fields Xi(τ) in vector representation of SO(9) and hexadecuplet of fermionic matrix fields Ψq in
the spinor representation of SO(9). In addition, we find convenient to introduce an auxiliary
bosonic matrix fields Pi(τ) which play the role of momenta conjugate to Xi(τ) fields.
The Lagrangian one-form for the action of d = 1 N = 16 SYM can be written as (see
[37, 38, 16])
LSYM1 = dτLSYM = tr(−Pi∇Xi + 4iΨq∇Ψq) + dτH , (3.1)
where
∇Xi = dXi + [A,Xi] , ∇Ψq = dΨq + [A,Ψq] (3.2)
are SYM covariant derivatives of the scalar and spinor fields and H is the SYM Hamiltonian
H = 1
2
tr
(
P
i
P
i
)− 1
64
tr
[
X
i,Xj
]2 − 2 tr (XiΨγiΨ) (3.3)
which contains the positively definite scalar potential
V = − 1
64
tr
[
X
i,Xj
]2 ≡ + 1
64
tr
[
X
i,Xj
] · [Xi,Xj]† . (3.4)
In the last term of (3.3), which describes the Yukawa coupling of the bosonic and fermionic
matrix fields, γiqp are the 9d Dirac matrices. They are real, symmetric, γ
i
qp = γ
i
pq, and obey the
Clifford algebra
γiγj + γjγi = 2δijI16×16 , (3.5)
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as well as the following identities
γiq(p1γ
i
p2p3)
= δq(p1δp2p3) , γ
ij
q(q′γ
i
p′)p + γ
ij
p(q′γ
i
p′)q = γ
j
q′p′δqp − δq′p′γjqp . (3.6)
The action ∝ ∫W 1 LSYM1 is invariant under the rigid d = 1 N = 16 supersymmetry transfor-
mations with constant fermionic parameter εq
δεX
i = 4iεq(γiΨ)q , δεP
i = [εq(γijΨ)q,X
j ] , (3.7)
δεΨq =
1
2
εpγipqP
i − i
16
εpγijpq[X
i,Xj ] , (3.8)
δεA = −dτεqΨq . (3.9)
Notice that supersymmetry acts on the SYM Hamiltonian (3.3) by
δεH = εqtr(ΨqG) , (3.10)
where
G = [Pi,Xi]− 4i{Ψq,Ψq} (3.11)
is the Gauss law constraint which appears as equation of motion for the 1d gauge field of N = 16
SYM model. In the action variation (3.10) is compensated by the nontrivial supersymmetry
transformation (3.9) of the 1d gauge field. The Gauss law is supersymmetric invariant,
δεG = 0 . (3.12)
3.2 From SYM to mD0 brane action
As we have already announced, the multiple D0-brane (mD0) action can be obtained on the way
of putting the maximally supersymmetric SU(N) SYM multiplet on the worldline of a single
D0-brane (center of mass brane of the mD0 system) and coupling it to supergravity induced by
embedding of this worldline into the tangent superspace. Let us describe the procedure in detail.
First of all, let us consider the variation of the SYM Lagrangian form under supersymmetry
(3.7)–(3.9) with local fermionic parameter εq. This gives6
δLSYM1 = −4idεqtr(γiqpΨpPi)−
1
2
dεqtr(γijqpΨp[X
i,Xj]) . (3.13)
According to the first Noether theorem this implies that
Sq = 2tr(γiqpΨpPi)−
i
4
tr(γijqpΨp[X
i,Xj]) (3.14)
is the supercurrent for the rigid supersymmetry of the 1d N = 16 SYM.
6Notice that to establish supersymmetry invariance of the action, one has to perform integration by parts. This
fact has also to be taken into account carefully to establish the correct coefficients for ∝ dεq terms. We do not
write explicitly the corresponding total derivative terms in our expression for δLSYM1 .
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To construct the action invariant under local supersymmetry, following the Noether proce-
dure, we include into the Lagrangian form the new term given by the product of gravitino and
supercurrent,
L21 = i(Eq1 − E2q )Sq . (3.15)
At this stage we notice that the induced gravitino transformations (2.25) include covariant
derivative D of the supersymmetry parameter, (2.26), rather then the usual derivative. The
Lagrangian form which will provide the transformations of the form like in (3.13) but with
covariant derivatives (2.18) will be obtained by replacing in LSYM1 ∇ by D including also the
SO(9) connection as in (2.18),
DXi := dXi − ΩijXj + [A,Xi] , (3.16)
DΨq := dΨq − 1
4
ΩijγijqpΨp + [A,Ψq] . (3.17)
But this is still not the end of story. Notice that the supersymmetry transformation of the
supercurrent is
δεSq = 2εqH− i
2
γiqpε
ptr(GXi) , (3.18)
where H is the SYM Hamiltonian (3.3) and G is the Gauss law constraint (3.11). The corre-
sponding contributions to the variation of L21 (3.15) can be compensated if we replace in LSYM1
(3.1) dτ by E0 of (2.14), thus providing the coupling of SYM sector to 1d induced ’graviton’, and
by modifying the transformation rule of the 1d gauge field. This latter is achieved by changing
dτ 7→ E0 in (3.9) and by adding the term 1/2(Eq1 − E2q )γiqpǫp Xi to this transformation rule
(see below). Thus the multiple D0-brane action should contain the following modification of the
SYM Lagrangian form
L11 = LSYM1 |∇7→D , dτ 7→E0 . (3.19)
Resuming, the locally supersymmetric (κ–symmetric) invariant action for multiple D0-brane
system is the integral of Lagrangian 1–form given by the sum of (2.10), (3.19) and (3.15),
LmD01 = LD01 + kL11 + kL21 . (3.20)
Here we have introduced a constant k of dimension 7 [M ]−3. The presence of the Lagrangian
form of the single D0-brane action (2.3), LD01 , is necessary in (3.20) to make nontrivial the center
of mass dynamics described by the equations for the coordinate functions (2.2).
7Notice that [Xi] = [M ], [Pi] = [M ]2, [Ψq] = [M ]
3/2, which reflects the SYM origin of these matrix fields.
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3.3 Multiple D0 brane action and its local worldline supersymmetry
For the reader convenience we write the complete form of the above described multiple D0-brane
action explicitly:
SmD0 =
∫
W1
LmD01 = M
∫
W1
(
E0 − i(dθα1θ2α − θα1dθ2α)
)
+
+k
∫
W1
(
tr(−PiDXi + 4iΨqDΨq) + E0H
)
+
+2ik
∫
W1
(Eq1 − E2q )tr
(
γiqpΨpP
i − i
8
γijqpΨp[X
i,Xj ]
)
. (3.21)
In it E0 is given by the contraction (2.9) of the pull–back of supervielbein (2.1) with moving
frame vector (see (2.4)), Eq1 and E2q are given by contractions (2.22) of the pull–back of the
fermionic supervielbein forms with the spinor moving frame matrices (2.16) and (2.19), the
covariant derivatives D are defined in (3.16) and (3.17) with the use of 1d gauge field A and
Cartan forms (2.6), and H is the SYM Hamiltonian defined in (3.3).
The action (3.21) is invariant under the following local worldline supersymmetry transfor-
mations
δεθ
α1 = εq(τ)vq
α , δεθ
2
α = −εq(τ)vαq , (3.22)
δεx
a = −iθ1σaδεθ1 − iθ2σ˜aδεθ2 , (3.23)
δεvq
α = 0 ⇒ δεu0a = δεuia = 0 , (3.24)
δεX
i = 4iεγiΨ , δεP
i = [(εγijΨ),Xj ] , (3.25)
δεΨq =
1
2
(εγi)qP
i − i
16
(εγij)q[X
i,Xj ] , (3.26)
δεA = −E0εqΨq + 1
2
(Eq1 − E2q )γiqpεp Xi . (3.27)
The local supersymmetry transformations of the center of mass variables (coordinate functions
and (spinor) moving frame variables) (3.22)–(3.24) coincide with the D0–brane κ–symmetry
transformations (2.13) up to redefinition of the supersymmetry parameter (κα = εqvαq ). The
transformations of the physical fields of 1d N = 16 SYM, (3.25) and (3.26), have the same form
as in the case of rigid supersymmetry.
By construction, (3.21) is also invariant under the rigid spacetime supersymmetry, which
acts nontrivially on the center of mass variables only,
δεx
a = iθ1σaǫ1 + iθ2σ˜aǫ2 , δǫθ
α1 = ǫα1 , δǫθ
2
α = ǫα
2 , (3.28)
δǫvq
α = 0 ⇒ δǫu0a = δǫuia = 0 , (3.29)
δǫX
i = 0 , δǫΨq = 0 , δǫP
i = 0 , δεA = 0 . (3.30)
It is tempting to try to obtain our multiple D0-brane action (3.21) by dimensional reduction
of the 11D multiple M0-brane action of [15]. In Appendix C we discuss such a dimensional
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reduction and point out a problem which appears on this way. In the next section we discuss the
differences of our multiple D0-brane action with very interesting multiple 0-brane system of [14]
and argue in favour of that rather our (3.21) is the representative of the family of mDp-brane
actions.
4. Differences with Panda-Sorokin multiple 0-brane action
In our notation the (Lorentz-covariant) action by Panda and Sorokin [14] reads8
SPS =
∫
W1
paE
a − 1
2
∫
W1
dτe(τ)
(
pap
a − (M(X,P,Ψ))2)−
−i
∫
W1
M(X,P,Ψ)(dθα1 θ2α − θα1dθ2α) +
∫
W1
Tr
(−PidXi + 4iΨqdΨq) . (4.1)
In it pa = pa(τ) is the auxiliary 1d field having the meaning of ten–momentum conjugate to the
center of mass coordinate function xa(τ), e(τ) is an auxiliary einbein field, andM(X,P,Ψ) is an
arbitrary function of the su(N) valued matrix fields, bosonic nanoplets Xi and Pi and fermionic
hexadecuplet Ψq.
Notice that the 1d gauge field is absent in this action which thus posesses only rigid SU(N)
symmetry (see recent [39, 40] for discussing the differences of the standard and ungauged Matrix
models of [37, 38] and [41]). But this is not the only difference of (4.1) with our multiple D0-brane
action. Probably the most important is that the κ–symmetry transformation leaving invariant
the action (4.1),
δκθ
α1 = κα , δκθ
2
α = −
1
Mpaσ
a
αβκ
β , (4.2)
δκx
a = −iθ1σaδκθ1 − iθ2σ˜aδκθ2 , (4.3)
δκX
i = −iκα
(
θ2α −
1
Mpaσ
a
αβθ
β1
)
∂M
∂Pi
, (4.4)
δκP
i = iκα
(
θ2α −
1
Mpaσ
a
αβθ
β1
)
∂M
∂Xi
, (4.5)
δκΨq = −1
8
κα
(
θ2α −
1
Mpaσ
a
αβθ
β1
)
∂M
∂Ψq
, (4.6)
transform all the matrix fields by the expression proportional to the linear combination
(
θ2α − 1Mpaσaαβθβ1
)
of the ’center of mass’ fermionic variables (θα1, θ2α). In contrast, the κ-symmetry transformations
(3.22)–(3.26) leaving invariant our action (3.21) coincide with the local version of the SYM super-
symmetry transformations. Just this property is expected from the κ–symmetry of the multiple
D0-brane action, the low energy limit of which should be given (in its gauge fixed version) by
U(N) SYM model in which the U(1) sector is not mixed by the 1d supersymmetry with the
SU(N) sector.
8In [14] also the actions breaking Lorentz covariance explicitly, in the same manner as it was broken in Myers
action [9], were considered. For our purposes it is sufficient to consider Lorentz covariant representatives of this
family of the actions.
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Neither spacetime supersymmetry is expected to mix the U(1) and SU(N) sectors in the
low energy limit of the multiple Dp-brane action. Such a mixture is however produced by the
spacetime supersymmetry transformations leaving invariant the Panda-Sorokin action (4.1):
δǫθ
α1 = ǫα1 , δǫθ
2
α = ǫ
2
α , (4.7)
δǫx
a = iθ1σaǫ1 + iθ2σ˜aǫ2 , (4.8)
δǫX
i = −i (ǫα1θ2α − θα1ǫ2α) ∂M∂Pi , (4.9)
δǫP
i = i
(
ǫα1θ2α − θα1ǫ2α
) ∂M
∂Xi
, (4.10)
δǫΨq = −1
8
(
ǫα1θ2α − θα1ǫ2α
) ∂M
∂Ψq
. (4.11)
To resume, as far as a candidate for a complete description of multiple D0-brane system is
searched for, an advantage of our model (3.21) over the Panda-Sorokin multiple 0-brane action
(4.1) is that the supersymmetry and κ-symmetry leaving invariant (3.21) have the properties
expected from the well known very low energy limit of multiple D0-brane action. Namely, the
κ-symmetry of (3.21) acts on the internal sector described by traceless matrix fields as the
supersymmetry of maximal 1d SU(N) SYM which is made local by coupling to 1d supergravity
induced by embedding of the center of mass worldline into the target superspace (see (3.22)–
(3.27)). The spacetime supersymmetry of (3.21) acts on the center of mass variables only (see
(3.28)–(3.30)). These properties are in contrast to the ones of the Panda-Sorokin model (4.1)
in which both supersymmetry and κ–symmetry transformations of matrix variables involve the
center of energy fermionic variables, the property which is not observed in the (very) low energy
limit given by just U(N) SYM action.
The above observations allow us to conclude that the action (3.21) is a better candidate for
the description of multiple D0-brane system. The meaning of the Panda-Sorokin action (4.1)
and its role in String theory is an interesting question to be thought about.
5. Conclusion
In this paper we have constructed the complete supersymmetric action (3.21) for the system of
N nearly coincident D0-branes (mD0 system) in flat ten dimensional type IIA superspace. The
set of its dynamical variables can be split into two sets: the center of mass variables, which are
the same as used for the description of single D0-brane, and the internal variables which are
described by the matrix fields forming the multiplet of N = 16 supersymmetric d = 1 SU(N)
Yang-Mills theory (SYM). The mD0 action is invariant under rigid spacetime supersymmetry and
local worldline supersymmetry. The rigid supersymmetry acts on the center of mass variables
only. The local worldline supersymemtry acts on all the fields. On the center of mass fields it
acts exactly like the kappa–symmetry of single D0-brane action, while on the physical fields of
the internal, SYM sector it acts as local version of the SYM supersymmetry.
These set of properties is exactly what is expected from the action of multiple D0-brane
system. In particular, they are in consonance with the statement that at the very low energy
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limit and upon gauge fixing of local supersymmetry, our functional reduces to the U(N) SYM
action, as it should be with mD0 action according to [1].
These properties are not shown by multiple 0-brane action (4.1) proposed in [14]. We discuss
it in comparison with our action and noticed some essential differences. In particular, the local
worldline supersymmetry transformations of all the su(N) valued matrix fields of (4.1) involve
essentially the fermionic center of mass coordinates: are proportional to these. In searching
for interrelation of the models, one might have a hope that the difference comes from the fact
that the action of [14] does not contain 1d gauge field and thus should be literally compared
rather with the gauge fixed version of our action (3.21). Indeed, taking a look on the local
supersymmetry transformations of the SU(N) gauge field A, (3.27), one confirms that in the
gauge A = 0 the terms with (derivatives of the) fermionic center of mass coordinates do appear
in the transformation rules of the physical matrix fields of our model (generated by compensated
gauge transformations designed to preserve the gauge A = 0). However, besides these new terms
are clearly different from the ones characterizing the kappa-symmetry of the Panda-Sorokin
action, the initial terms in (3.25)–(3.26) are still present in the A = 0 gauge and provide the
terms independent on center of mass fermionic coordinate which are desired for correspondence
with U(N) SYM supersymmetry at very low energy. Furthermore, even in the gauge A = 0 the
rigid spacetime supersymmetry of the action (3.21) acts on the center of mass variables only,
while the rigid supersymmetry of Panda-Sorokin action (4.1) acts on the su(N) valued field and
also mix them with the center of mass degrees of freedom.
This allows us to conclude that our action (3.21) is better candidate for the complete super-
symmetric description of multiple D0-brane system than (4.1). The meaning of Panda-Sorokin
action (4.1) in M-theoretical perspective is an interesting subject for future thinking.
It is not difficult to observe that the bosonic limit of our action does not coincide with
the p = 0 representative of the family of Dielectric brane actions by Myers [9]. The advantage
of our action is its manifest Lorentz invariance and also that it includes fermions and possess
supersymmetry and κ–symmetry. The supersymmetric and κ–symmetric version of Lorentz
noninvariant Myers action was searched for during many years and is still not known. On the
other hand, the widely appreciated advantage of the family of Dielectric brane actions [9] is
that, identifying these with mDp–branes, one can explicitly relate mDp-brane and nD(p ± 1)-
brane actions by T-duality transformations. To check whether our Lorentz covariant and doubly
supersymmetric construction can provide similar result, we need to construct in our approach,
in addition to mD0-brane action, at least the action for mD1-brane (multiple Dirichlet strings).
The search for such an action, as well as for mDp action with p > 1, is presently on the way.
To conclude, let us point out one more puzzle. As the dimensional reduction of single M0-
brane (M-wave) action produces the action of single 10D D0–brane [5], it was natural to expect
that the mD0 action can be reproduced by dimansional reduction of an action for multiple M-
wave (mM0-system). Such an mM0 action was constructed in [15] but, as we show in Appendix
C, its dimensional reduction does not reproduce a simple action for mD0-brane with expected
properties; in particular we have not succeed in reproducing our (3.21) action by such a dimen-
sional reduction. The resolution of this issue or a deeper understanding of the nature of the
problem is an important subject for future study.
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A. D0-brane action from dimensional reduction of M0 action in moving frame
formulation
In this appendix we describe how the moving frame action of a single D0-brane can be obtained
by dimensional reduction of the spinor moving frame action for M0-brane (M-wave). For the
standard Brink-Schwarz–like formulation such a dimensional reduction of M-wave action was
discussed in [5]. The presence of moving frame brings some additional specific problems for
dimensional reduction. However, its use is necessary to discuss the dimensional reduction of a
multiple M-wave system as for today the only known complete mM0 action [15] is formulated
within the spinor moving frame approach.
A.1 Moving frame action for 11D M0-brane
M0 brane action in moving frame formulation reads [42, 43]
SM0 =
∫
W1
ρ#E= =
∫
W1
ρ#EaU=a . (A.1)
Here and below Ea and Eα are pull–backs of the supervielbein forms of 11D flat superspace
Ea = dXa − idΘΓaΘ , Eα = dΘα , a = 0, 1, ..., 9, 10 , α = 1, ..., 16 , (A.2)
Xa = Xa(τ) and Θα = Θα(τ) are coordinate functions describing parametrically the embedding
of worldline W1 in 11D superspace and U=a = U=a (τ) is a light-like vector. It is convenient to
consider it as difference of two columns of the SO(1, 10) valued moving frame matrix field
U (b)a (τ) =
(
1
2
(
U=a + U
#
a
)
, U ia ,
1
2
(
U#a − U=a
))
∈ SO(1, 10) . (A.3)
As in the case of 10D D0-brane, the moving frame can be used to split the pull–back of the
bosonic supervielbein form (A.2) in a Lorentz invariant manner. In our case this will be the
splitting into two singlets and one nanoplet of the SO(1, 1) ⊗ SO(9) gauge symmetry group,
E= := EaU=a , E
# := EaU#a , E
i := EaU ia . (A.4)
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A.2 Dimensional reduction of the moving frame action. D0 from M0
To perform a dimensional reduction of the M0 action (A.1) down to 10 dimension we should
relate the 11D moving frame matrix (A.3) to its 10D cousin (2.4),
u(b)a (τ) =
(
u0a, u
i
a
) ∈ SO(1, 9) , a = 0, 1, ..., 9 , i = 1, ..., 9 . (A.5)
To this end we use SO(1, 10) valued matrix La
b = (La
b, La
∗) representing the coset SO(1, 10)/SO(1, 9).
The generic relation reads
U (b)a = La
c
(
u
(b)
c 0
0 1
)
=
(
La
cu
(b)
c La
∗
L∗
cu
(b)
c L∗
∗
)
(A.6)
and implies
U=a = La
cu0c − La∗ , (A.7)
U#a = La
cu0c + La
∗ , (A.8)
U ia = La
cuic . (A.9)
To perform the dimensional reduction, let us firstly write M0 action (A.1) in terms of 10D
moving frame variables and L-matrix,
SM0 =
∫
W1
ρ#EaLa
bu0b −
∫
W1
ρ#EaLa
∗ . (A.10)
Secondly, let us consider L-matrix to be constant, so that
E∗ = EaLa
∗ = dX∗ − idΘΓ∗Θ , Γ∗ := ΓaLa∗ , (A.11)
Eb := EaLa
b = dXb − idΘΓbΘ , Γb := ΓaLab , (A.12)
and the action (A.10) becomes
SM0|dL=0 =
∫
W1
ρ#Ebu0b −
∫
W1
ρ#(dX∗ − idΘΓ∗Θ) . (A.13)
Now, if we consider ρ# to be a constant,
ρ# = M = const , (A.14)
then X∗ coordinate drops from the action which reads
SM0|dL=0=dρ# = M
∫
W1
Ebu0b + iM
∫
W1
dΘΓ∗Θ (A.15)
and can be recognized as D0-brane action (2.3). To reach the literal coincidence, we have to split
the 10D Majorana spinor fermionic coordinates in two Majorana-Weyls spinors,
Θα =
(
θα1
θ2α
)
(A.16)
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and use the gamma matrix representation with
Γ∗αβ = −
(
0 δα
β
δαβ 0
)
. (A.17)
Notice that there is another, more ’algorithmic’ way to arrive at (A.15). To this end we
observe that, with the same assumption but allowing ρ# to depend on τ , the variation of the
action (A.13) with respect toX∗ gives dρ# = 0. The solution of this equation is ρ# = M = const,
(A.14) and (A.15) can be obtained by substituting this into (A.13).
Of course, the substitution of a dynamical equation back into the action is not an apparently
consistent prescription, so that a better way to present the above described steps is to say
that the dimensional reduction requires the momentum conjugate to the coordinate function
corresponding to the reduced dimension to be a constant.
Thus we have shown how the dimensional reduction of the moving frame formulation of the
M0 action produces D0-brane action. Of course, the simplest reduction is achieved by setting
the constant L-matrix equal to unity matrix
La
b = (La
b, La
∗) = δa
b . (A.18)
Below, when considering dimensional reduction of spinor moving frame and of mM0 action, for
simplicity we will restrict ourselves by this case.
B. Dimensional reduction of spinor moving frame: an embedding of Spin(1, 9)
into Spin(1, 10)
In the previous Appendix A we have described the dimensional reduction of the moving frame
formulation of the M0-brane action to D0-brane action without any use of spinor moving frame.
However, our aim is to study the dimensional reduction of multiple M0-brane action and to this
end the discussion of the dimensional reduction of spinor moving frame is inevitable.
D=11 spinor moving frame variables appropriate to the description of M0 and mM0 systems
are rectangular blocks of the Spin(1,10) valued matrix
V
(β)
α =
(
v +αq, v
−
αq
)
∈ Spin(1, 10) (B.1)
which is called spinor moving frame matrix. This is related to the 11D moving frame (A.3) by
the conditions of the Lorentz invariance of Dirac and charge conjugation matrices,
V T Γ˜bV = U
(a)
b Γ˜(a) , V Γ
(a)V T = ΓbU
(a)
b , (B.2)
V TCV = C . (B.3)
Eq. (B.3) allows to construct the elements of the inverse spinor moving frame matrix, which
obey
v
−α
q v
+p
α = δqp , v
−α
q v
−q
α = 0 ,
v
+α
q v
+p
α = 0 , v
+α
q v
−p
α = δqp , (B.4)
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in terms of the same spinor moving frame variables,
v±αq = ±iCαβv +βq . (B.5)
With a suitable Gamma matrix representation, Eqs. (B.2) can be split into
v −αqΓ˜
aαβv −βp = δqpU
=
a , (B.6)
v+q Γ˜av
+
p = U
#
a δqp , v
−
q Γ˜av
+
p = U
i
aγ
i
qp , (B.7)
and
2v−αq v
−β
q = U
=
a Γ˜
aαβ , (B.8)
2v+αq v
+
q
β = Γ˜aαβU#a , 2v
−(α
q v
+
q
β) = −Γ˜aαβU ia . (B.9)
Spinor moving frame can be used to split the single 11D Majorana spinor fermionic su-
pervilebein form of 11D superspace (see (A.2)) into two 16 component fermionic forms with
SO(9) spinor indices and opposite SO(1,1) weights,
E−q = Eαv −αq , E
+q = Eαv +αq . (B.10)
Our problem now is to find the expressions of the above 11D spinor moving frame variables
in terms of Spin(1, 9)/Spin(9) spinor moving frame variables (2.16),
vα
q ∈ Spin(1, 9) (B.11)
and its inverse obeying
vq
αvα
p = δq
p ⇔ vαqvqβ = δαβ . (B.12)
This corresponds to (provides a square root of) the expression (A.6) of 11D moving frame in
terms of 10D moving frame with simplest choice (A.18).
The embedding of Spin(1, 9) group into Spin(1, 10) which defines such a dimensional reduc-
tion of the 11D spinor moving frame variables is defined by
v +αq =
1√
2
(
v qα
−vqα
)
, v −αq =
1√
2
(
v qα
vq
α
)
, (B.13)
and complementary relations
v+αq =
1√
2
(
vq
α
v qα
)
, v−αq =
1√
2
(
vq
α
−v qα
)
. (B.14)
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C. Dimensional reduction of mM0 and its comparison with mD0 action
C.1 Action for multiple M0-brane system
The action for multiple M-wave (mM0) system proposed in [15] reads
SmM0 =
∫
W 1
ρ#E= +
+
1
µ6
∫
W 1
(ρ#)3
(
tr
(−PiDXi + 4iΨqDΨq)+ E#H)+
+
1
µ6
∫
W 1
(ρ#)3E+qtr
(
4i(γiΨ)qP
i +
1
2
(γijΨ)q[X
i,Xj]
)
, (C.1)
where µ is a constant (of dimension of mass, [µ] = M), E=, E# and E+q are defined in (A.4)
and (B.10), ρ# = ρ#(τ) is the auxiliary worldline field which we have already met in the case of
single M0-brane, Pi, Xi, Ψq are the bosonic and fermionic matrix fields describing SYM model
(see sec. 3) on the center of energy worldline of the mM0 system, and H is the SYM Hamiltonian
(3.3). The covariant derivatives of the matrix fields
DXi := dXi + 2Ω(0)Xi − ΩijXj + [A,Xi] , (C.2)
DΨq := dΨq + 3Ω
(0)Ψq − 1
4
ΩijγijqpΨp + [A,Ψq] (C.3)
include the 1d gauge field A = dτAτ as well as Cartan forms constructed from the elements of
11D moving frame vectors,
Ω(0) =
1
4
U=adU#a , Ω
ij = U iadU ja . (C.4)
Finally
E−q = Eαv −αq , E
+q = Eαv +αq (C.5)
are projections of pull-back of the 11D fermionic supervielbein form onto the 11D spinor moving
frame (see (B.10)).
The mM0 action (C.1) is invariant under the local worldsheet supersymmetry
δεΘ
α = ε+q(τ)v−αq , (C.6)
δεxˆ
a = −iθˆΓaδεθˆ + 1
2
Ua#iεE
= , (C.7)
δερ
# = 0 , (C.8)
δεv
±α
q = 0 ⇒ δεU=a = δεU#a = δεU ia = 0 , (C.9)
δεX
i = 4iε+γiΨ , δεP
i = [(ε+γijΨ),Xj] , (C.10)
δεΨq =
1
2
(ε+γi)qP
i − i
16
(ε+γij)q[X
i,Xj ] , (C.11)
δεA = −E#ε+qΨq + E+γiε+ Xi , (C.12)
where
iεE
= = 6
µ6
(ρ#)2tr
(
iPiε+γiΨ− 18ε+γijΨ[Xi,Xj ]
)
. (C.13)
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C.2 Dimensional reduction of mM0 action and its differences with mD0 action
As in the case of single M0-brane, the dimensional reduction of the mM0 action implies the
reduction of moving frame variables by using (A.7) and (A.8) with (A.18). Then
dU#a = dU
=
a = δ
c
adu
0
c and dU
i
a = δ
c
adu
i
c (C.14)
so that the first of 11D Cartan forms (C.4) vanishes, Ω(0) = 0, and Ωij becomes identical to its
10D counterpart Ωij . As a result, the covariant derivatives of the matrix fields (C.2) and (C.3)
coincide with the covariant derivatives (3.16) and (3.17) used in the mD0 action (3.21).
Now we can identify the matrix fields of mM0 and mD0 models as both of them are describing
1d reduction of 10D SYM model living on some worldline,
X
i 7→ Xi ,
P
i 7→ Pi ,
Ψq 7→ Ψq ,
A 7→ A .
It is also natural to make the identification of 10 of 11D bosonic supervielbein forms (A.12) with
10D supervielbein forms. With the simplest choice (A.18) we have
Eaδa
b := Eb 7→ Eb . (C.15)
This can be achieved by identification of the coordinate functions
xaδa
b := xb 7→ xb and Θα 7→ (θα1 θ2α) .
Besides these, in the 11D model we have eleventh bosonic coordinate function X∗ which enters
the Cartan form
E∗ = dX∗ − iΘΓ∗Θ = dX∗ + idθα1 θ2α − iθα1 dθ2α . (C.16)
Taking into account the relation of moving frame variables, (A.7) and (A.8) with (A.18), and
of the spinor moving frame variables, (B.13), we find that the above identification and reduction
rules imply that
E= 7→ E0 − E∗ , (C.17)
E# 7→ E0 + E∗ , (C.18)
Eq+ 7→ 1√
2
(Eq1 − E2q ) . (C.19)
Let us follow the terms with pull-backs of the bosonic supervielbein forms in the mM0 action
(C.1):
SmM0 =
∫
W 1
E0
(
ρ# +
(ρ#)3
µ6
H
)
+
∫
W 1
E∗
(
−ρ# + (ρ
#)3
µ6
H
)
+ . . . , (C.20)
where E∗ has the form of Eq. (C.16) and H is defined in (3.3).
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As we discussed in the case of single M0-brane, the mechanism of dimensional reduction can
be formulated as setting to constant the momentum conjugate to additional coordinate field X∗
in E∗ of (A.11). In our case, as X∗ enters the action only through its derivative and only linearly,
this prescription can be formulated as obtaining the equations of motion for X∗,
d
(
−ρ# + (ρ
#)3
µ6
H
)
= 0 ,
solving them by
ρ# − (ρ
#)3
µ6
H = M (C.21)
with some constant M , and substituting the result back into the action.
The problem with such an action is that it includes ρ# which is a nonlinear function of the
relative motion variables defined by a solution of Eq. (C.21) with H from (3.3). For large H one
can use an explicit expression for ρ# = ρ#(H) obtained from the Cardano formula,
ρ# =
µ2M1/3
(2H)1/3

(√1− 4µ6
27HM2 − 1
)1/3
−
(√
1− 4µ
6
27HM2 + 1
)1/3 ,
but this is not too suggestive. It is more practical to keep ρ# = ρ#(H) implicit, as a solution
of (C.21), but use the variation of ρ# which preserves (C.21) and hence is expressed in terms of
variation of the SYM hamiltonian H (3.3) by
δρ# =
(
1− 3(ρ
#)2
µ6
H
)−1
(ρ#)3
µ6
δH . (C.22)
Using (C.21) and keeping implicit its solution ρ# = ρ#(H), we can write Eq. (C.20) in the
form
SmM0 =
∫
W 1
E0
(
2ρ#(H)−M
)
− iM
∫
W 1
(
dθα1 θ2α − θα1 dθ2α
)
+ . . . . (C.23)
The explicitly written terms are clearly different from the first line of (3.21), were in the first
term E0 is multiplied just by the constantM . Neither they are related with Panda-Sorokin action
(4.1). To make this explicit, let us write the moving frame formulation of the Panda-Sorokin
action:
S′PS =
∫
W1
E0M(X,P,Ψ)− i
∫
W1
M(X,P,Ψ)(dθα1 θ2α − θα1dθ2α) +
+
∫
W1
Tr
(−PidXi + 4iΨqdΨq) . (C.24)
Both terms in the first line of this equation involve the same function of the internal matrix
variables, M(X,P,Ψ), which is not the case for the terms in (C.23).
To conclude, the discussion of the dimensional reduction of the 11D mM0 action (C.1) has
resulted in the conclusion that, besides that it is not easy to work with such an action which is
non-linear in matrix fields, it does not look related neither to our mD0-brane system described
by the much simpler functional (3.21), nor to Panda-Sorokin action (4.1) in its moving frame
formulation (C.24).
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